Study Design. This study was performed to investigate the diagnostic values of some inflammatory biomarkers in abdominal pain. Methods. Patients over 18 years of age with acute recent abdominal pain who presented to the Emergency Department were evaluated. Serum and urinary samples were taken and evaluated for serum and urine S100A8/A9 and serum amyloid A. All patients were referred to a surgeon and were followed up until the final diagnosis. In the end, the final diagnosis was compared with the levels of biomarkers. Results. Of a total of 181 patients, 71 underwent surgery and 110 patients did not need surgery after they were clinically diagnosed. Mean levels of serum and urine S100A8/A9 had a significant difference between two groups, but serum amyloid A did not show. The diagnostic accuracy of serum S100A8/A9, urine S100A8/A9, and serum amyloid A was 86%, 79%, and 50%, respectively, in anticipation of the need or no need for surgery in acute abdominal pain. Conclusions. Our study showed that in acute abdominal pain, serum and urine S100A8/A9 can be useful indicators of the need for surgery, but serum amyloid A had a low and nonsignificant diagnostic accuracy.
Introduction
Abdominal pain is one of the most common complaints that patients present to the hospital, making up 10% of all cases referred to the emergency department (ED) [1, 2] . Many patients have nonspecific abdominal pains that do not aid in diagnosing a specific disease and represent mild and self-limiting conditions to life-threatening diseases [3, 4] . Nontraumatic acute abdominal pain is a medical emergency that lasts up to 5 days and does not result from trauma [5] .
Acute abdominal pain is the most common cause of emergent surgery and one of the most frequent causes for referral to the ED as well as for counseling and admission of nontraumatic patients [6] . The most prevalent causes of emergent abdominal pain that need intervention within 24 hours include acute appendicitis, acute diverticulitis, acute cholecystitis, and bowel obstruction. The most prevalent causes of nonemergent cases include nonspecific abdominal pain and gastrointestinal diseases [1, 4] .
Abdominal pain has a vague quality, because of the convergence of the second neuron of organs and abdominal structures in the posterior column of the spine. However, physical examination may reveal different findings in the patients and the location and the severity of pain may change over time, which makes the diagnosis of the causative agent a challenge for the physician [1, 7] .
On time diagnosis plays a key role in deciding the treatment process of the patients, while delayed intervention leads to more complications, such as peritonitis and perforation, associated with higher rates of morbidity and mortality [3, 4, 8, 9] .
Finding the causes of abdominal pain can be facilitated by imaging tools and methods. Ultrasonography, with medium sensitivity and specificity, can be used to diagnose the underlying disease, but it requires experienced and efficient operators, who may not always be available at health care facilities [10] . In the present times, the increasing use of computed tomography (CT) scans is often not required as the patient rarely gains any advantage and is exposed to harmful radiation and contrast nephropathy and has to bear additional costs [7, 11] . However, despite the use of imaging methods, the diagnostic dilemma still remains challenging as it includes wrong diagnosis or unnecessary surgery [4, 5] .
The use of new inflammatory biomarkers is a noninvasive and harmless method [12] . Some biomarkers can help find a proper diagnosis and reduce the use of imaging techniques, if they can be measured in serum, plasma, urine, or feces of the patients, quickly, and are accompanied by high sensitivity, reliability, and low costs [3, 13, 14] . Laboratory, animal, and human studies have shown the feasibility of serum and urine S100A8/A9 and serum amyloid A in inflammatory conditions [3, 7, 13, [15] [16] [17] [18] [19] . S100A8/A9 is a complex of the proteins S100A8 and S100A9 in mammals [20, 21] . It has a high tendency to calcium, zinc, and manganese [22] [23] [24] . S100A8/A9 was introduced in 1980, for the first time, as an antimicrobial protein that destroys zinc in mammals [20, 21, 25] . Now, it has been found that its antibacterial and antifungal properties are due to its ability to destroy manganese [25] . This protein includes up to 60% of soluble proteins in neutrophil cytosols and, to a lesser extent, in monocytes; it includes macrophages and squamous epithelial cells [21] [22] [23] . Mammals secrete this protein during the inflammatory response. The exact mechanism for its secretion is unknown [26] .
Serum amyloid A, a protein of HDL, is associated with the apolipoprotein family in plasma. It is mainly produced in the liver [27] . Some actions of these proteins include transferring cholesterol into the liver, calling immune cells to the site of inflammation, and inducing enzymes that break the extracellular matrix down. Small inflammatory responses can also increase the production of serum amyloid A. Plasma levels of serum amyloid A increase with injuries, infections, and inflammatory diseases, such as rheumatoid arthritis and Kawasaki, as well as with viral and autoimmune diseases and malignancies. It is an acute-phase reactant, increasing over a few hours after the inflammatory stimulus, which may increase even more than the C-reactive protein (CRP) [1, 9, 28, 29] .
Although clinical findings and conventional biomarkers play a major role in the diagnosis of acute appendicitis or lower abdominal pain etiology, several studies suggest that S100A8/A9 in serum and in the intestine, alone or in combination with other biomarkers, can be a useful accessory and tool for clinical findings . In other studies, using stool S100A8/A9 has been approved as a noninvasive method to differentiate the inflammatory versus noninflammatory causes of gastrointestinal diseases [13, [31] [32] [33] [34] [35] [36] . Furthermore, Muhammad et al. reported that the diagnostic accuracy of serum amyloid A biomarker for acute appendicitis is higher than that of CRP [19] .
Despite the technological progress in accuracy, rapidity, and the ease of diagnosing methods for abdominal pain, many challenges still remain to be addressed. Thus, an accessory diagnostic biomarker can help in the early diagnosis of cases that require emergent surgery to reduce the rates of morbidity and mortality, reducing the length of stay in the ED and lowering health care costs. The aim of this study was to evaluate the serum and urine S100A8/A9 and serum amyloid A biomarkers in patients presenting with acute abdominal pain in the ED, as a diagnostic biomarker for emergent surgery. 
Methods

Exclusion Criteria.
Patients who are pregnant with flank pain alone, altered mental status, evidence of malignancy, history of autoimmune disease, inflammatory bowel disease, history of abdominal trauma, and surgery over the past two weeks are excluded in the study.
Test Methods.
After the admission of the patients, necessary information, including age, sex, location of the pain, onset time of the pain, associated symptoms, and early clinical diagnosis (after history taking and physical examination), was recorded. Paraclinical measures, including blood sampling for the required tests and appropriate imaging methods, were taken. In addition, for all the patients entering the study, blood samples and urine specimens were sent for the measurement of serum and urine levels of S100A8/A9 and the serum level of amyloid A. The blood samples were centrifuged in the laboratory to separate their serum, kept at a temperature of −20°C, along with urine specimens, until the estimated sample size and the ultimate measurements were assessed. All patients were referred to a general surgeon and were carefully checked on. The final diagnosis of the patients who underwent surgery was made based on the pathology report by the responsible surgeon. For patients not requiring surgery, a final probable clinical diagnosis was based on the history, physical examination, paraclinical measures, and the final opinion of the general surgeon and consultants in different specialties, according to scientific and academic standards. After the estimated sample size was reached, all of the samples were analyzed for the serum and urine levels of S100A8/A9 and the serum level of amyloid A under the supervision of a pathologist. The normal values of biomarkers were determined using the human commercial ELISA kit of S100A8/A9 and serum amyloid A (Shanghai Crystal Day Biotech Co.) (normal serum S100A8/A9 and urine S100A8/A9: 100 μg/cc, normal serum amyloid A: 9.02 μg/cc). Finally, the white blood cell (WBC) count and the levels of serum and urinary biomarkers, based on the final diagnosis, were measured and compared in the surgical and nonsurgical groups. In total, 246 participants, comprising two subgroups according to acute abdominal pain status, were selected. The groups were named and composed as follows: PSI+/− (PSI, pain in the surgical intervention group), comprising subjects in whom acute abdominal pain remitted postsurgically, and PNSI+/− (PNSI, pain in the nonsurgical intervention group), consisting of those subjects in whom acute abdominal pain remitted after nonsurgical intervention.
Statistical Analysis.
The collected data was performed by descriptive statistics, such as mean, standard deviation, frequency and percentage, and analytical statistics, including the nonparametric Mann-Whitney U test and the Pearson correlation coefficient. The ROC curve analysis was used to evaluate the accuracy of blood cells and the serum and urine biomarkers in the diagnosis of acute abdominal pain requiring surgery. SPSS 21 software was used for the analysis. The significance level was considered to be less than 0.05.
Results
In this study, a total of 246 patients were presented to the ED with clinical findings of acute abdominal pain; of these, 66 patients were excluded and 181 patients were studied and finally analyzed. Baseline characteristics of both the study groups are given in Table 1 .
Of these, 71 patients underwent surgery (surgical group), and clinical diagnoses without the need for surgery were considered for 110 patients (nonsurgical group) ( Figure 1) .
The results showed that the levels of biomarkers were not statistically different between the surgical and the nonsurgical groups, in terms of mean age and gender distribution (P < 0 05).
In the surgical group (71 patients), the major final diagnosis included acute appendicitis (57.7%), acute cholecystitis (15.4%), and bowel obstruction (7%), leaving 19.9% with other kinds of diagnoses including complicated ovarian cyst (n = 2), volvulus (n = 2), stomach perforation (n = 3), ectopic pregnancy (n = 1), colon tubu-adenomatosis tumor (n = 1), mesenteric ischemia (n = 1), pancreas abscess (n = 1), complicated ovarian tumor (n = 1), and duodenal perforation (n = 2) ( Table 1 of Supplementary Material).
Our findings in this group showed that the mean levels of serum in S100A8/A9 were higher than normal, in the final diagnosis, except in mesenteric ischemia. Moreover, the mean urinary levels of S100A8/A9 were higher than normal in the final diagnosis except in volvulus. The mean serum levels of amyloid A, in the final diagnosis, were higher than normal, except in intestinal volvulus and ectopic pregnancy. Finally, the mean WBC count was higher than normal, in all cases, except in bowel obstruction ( Table 2 ).
In the nonsurgical group (110 patients), the major final clinical diagnosis included ovarian cysts (22.7%), acute pancreatitis (10.9%), dyspepsia (8.1%), acute cholecystitis (5.4%), renal colic because of stones (5.4%), and other diagnoses (21.2%): ectopic pregnancy (n = 3), acute cholangitis (n = 1), surgery site abscess (n = 1), gastritis (n = 2), acute hepatitis (n = 1), urinary tract infection (n = 2), biliary colic (n = 4), incarcerated periumbilical hernia (n = 1), varicocele (n = 1), pelvic inflammatory disease (n = 1), and mittelschmerz (n = 1) ( Table 2 of Supplementary Material), thus leaving 26.3% with nonspecific abdominal pain (NSAP).
Our findings in this group showed that the mean serum and urine levels of S100A8/A9 were higher than normal in the final clinical diagnosis of acute pancreatitis, ectopic pregnancy, acute cholangitis, surgery site abscess, gastritis, acute hepatitis, ileus, and inflammatory pelvic disease and were normal in other diagnoses.
In all diagnoses, except renal colic because of stone, the mean serum levels of amyloid A were higher than normal. Finally, the mean WBC counts were higher than normal in patients with a final diagnosis of ovarian cysts, acute cholecystitis, acute pancreatitis, ectopic pregnancy, dyspepsia, ileus, urinary tract infection, biliary colic, and incarcerated periumbilical hernia (Table 3) .
The results showed that the mean levels of serum and urine of S100A8/A9 biomarkers and WBC count were significantly higher in the surgical group than in the nonsurgical group. The results of the nonparametric Mann-Whitney U test showed a statistically significant difference in these biomarkers between the surgical and the nonsurgical groups.
Among common diagnoses between the two groups (ovarian cysts, acute cholecystitis, and ectopic pregnancies), the mean WBC count was significantly higher in complicated ovarian cysts in the surgical group than in the nonsurgical group (P < 0 05). Moreover, the mean level of serum and urine S100A8/A9 in acute cholecystitis was significantly higher in the surgical group than in the nonsurgical group (P < 0 05). However, there was no significant difference in the mean levels of biomarkers in ectopic pregnancy between the two groups (P < 0 05) ( Table 4) .
In our study, the data in Table 5 show the relationship between the time of onset of pain, levels of biomarkers, and WBC counts in the surgical and the nonsurgical groups.
The nonsurgical group had a statistically significant direct correlation between the mean time of onset of pain until the patient's arrival, with the serum and urine levels of S100A8/ A9 and the serum amyloid A biomarkers. In other words, with increased "mean time of onset of pain until patient arrival," the mean levels of serum and urine S100A8/A9 and serum amyloid A biomarkers will increase and vice versa.
However, in the surgical group, there was a significant inverse correlation between the "mean time of pain onset until patient arrival" and the mean levels of the serum S100A8/A9 biomarker.
A strong correlation between the relative increases of S100A8/A9 and that of WBC in PSI+/−, but not in PNSI +/−, was found. Interestingly, the correlation of the increase in S100A8/A9 and that of serum amyloid A progressed across the two groups being nonsignificant in group PNSI +/− and moderately to highly significant in group PSI+/− (Table 6) .
Finally, the results of the ROC curve analysis showed that in anticipation of the need for surgery in acute abdominal pain, the diagnostic accuracy of the WBC count, serum S100A8/A9, urine S100A8/A9, and serum amyloid A were 71%, 86%, 79%, and 50%, respectively (Figure 2) .
The summary of diagnostic values of each biomarker in the study participants has been given in Table 7 .
Discussion
The studied biomarkers are produced and secreted in response to the immune system stimulation and continuation of the inflammatory processes; therefore, the measurement of their presence and quantity in body fluids and tissues can help in the early diagnosis and prognosis of some diseases.
In the present study, in contrast to other studies that considered a specific diagnosis, we considered a wider range of patients with acute abdominal pain in terms of the final outcome and biomarkers. Our results showed that in many other diagnoses in the abdominal and pelvic areas as well as acute appendicitis, which accounts for most patients, the mean levels of the S100A8/A9 biomarker increase. In fact, it is assumed that the diagnoses mentioned are associated with infectious or inflammatory processes and immune system stimulation, which have further led to increased levels of S100A8/A9.
In recent years, S100A8/A9 was studied as a biomarker secreted in serum, urine, and feces in some infectious or inflammatory diseases of the gastrointestinal tract, like inflammatory bowel disease, familial Mediterranean fever, appendicitis, infections, bowel inflammation, and so on, especially in children. Some of these studies confirmed the role of S100A8/A9 in the diagnosis, clinical course, and prognosis of the disease [7, 31, 32, 37, 38] . Other studies have emphasized the importance of signs and symptoms of the disease and the use of other diagnostic methods and routine biomarkers [32] [33] [34] [35] .
In this study, we also showed that the levels of serum amyloid A increase in various diagnoses with activated inflammatory or immune responses.
Mayer et al. showed that serum amyloid A can predict the severity of the disease better than CRP, in acute pancreatitis [39] . In addition, Sit et al. showed that although clinical signs and symptoms play a great role in the diagnosis of acute appendicitis, the measurement of serum amyloid A can help surgeons avoid unnecessary laparotomy [18] .
The results of our study showed that the mean levels of serum and urine of S100A8/A9 biomarkers and the WBC count in the surgical group were considerably more than those in the nonsurgical group and can prove to be useful in anticipating the need for surgery in patients with acute abdominal pain, along with other factors. However, serum amyloid A does not seem helpful in this regard.
The heterogeneities in the surgical and the nonsurgical groups, among some diagnoses with inflammatory natures and the levels of biomarkers, may be due to the difference in the time of measurement of the samples, including the onset of the inflammatory process, confounding factors, and technical problems associated with their measurement.
In our study, some diagnoses were common in the surgical and the nonsurgical groups when levels of biomarkers where compared.
In "abdominal pain caused by complicated ovarian cysts," the mean level of serum and urine of S100A8/A9 and the WBC count were higher than normal in the surgical group. But in the nonsurgical group, only the WBC count and serum amyloid A were higher. Finally, it can be stated that regarding the statistical significance, only the WBC count can predict the need for surgery in complicated ovarian cyst.
In the diagnosis of "abdominal pain caused by acute cholecystitis," the mean level of serum and urine of S100A8/A9, the WBC count, and serum amyloid A were higher than normal in the surgical group and only the WBC count and serum amyloid were higher than normal in the nonsurgical group. Statistically, it seems that only the serum and urine levels of the S100A8/A9 biomarker can predict the need for surgery in acute cholecystitis.
In the diagnosis of "abdominal pain caused by ectopic pregnancy," the mean level of serum and urine of S100A8/ A9 and the WBC count were higher than normal in both the surgical and the nonsurgical groups. However, the mean level of serum amyloid A was higher only in the nonsurgical group. Statistically, none of these indicators can be useful in predicting the need for surgery in ectopic pregnancy.
Finally, the results of this study showed that the highest diagnostic accuracy for surgery requirement was related to the serum S100A8/A9 biomarker, followed by the urine S100A8/A9 biomarker. Serum amyloid A biomarker had a low and nonsignificant diagnostic accuracy that may be valuable in combination with other biomarkers. PSI+/− (PSI, pain in the surgical intervention group), comprising subjects in whom acute abdominal pain remitted postsurgically, and PNSI+/− (PNSI, pain in the nonsurgical intervention group), consisting of those subjects who were acute abdominal pain remitted after nonsurgical intervention.
The results of our study showed that in the nonsurgical group, the levels of biomarkers had a weak positive association with the mean time of pain onset until the arrival of the patient. In other words, the longer the onset of the patient's pain until arrival, the greater the levels of biomarkers.
But among the patients in the surgical group, the levels of biomarkers had a weak negative association with the onset of the patient's pain until arrival, which means that the longer the onset of the patient's pain until arrival, the lower the levels of biomarkers.
In the nonsurgical group, only the WBC count had a nonsignificant positive association, but in the surgical group, serum S100A8/A9 alone had a significantly inverse relationship (Table 5) .
Assessment of the mean time of onset of pain among patients until arrival in both the surgical and the nonsurgical groups and the time of the measurement of the biomarkers resulted in different results that cannot easily be justified.
Our findings showed that S100A8/A9 but not amyloid A is increased in the surgical group. Though we cannot prove a causal relation for these findings, the possible reason is that amyloid A is an acute-phase reactant that is produced in the liver but, in patients of the surgical group with mentioned specific diagnoses, could not stimulate the liver for enough production. More studies are needed for clarification.
Mills et al. [7] investigated the role of S100A8/A9 biomarkers in patients with acute lower abdominal pain and found that the problems of purchase, transfer of the kits, the shipping effect, and the delay in sample analysis of the biomarkers increase the sensitivity and decrease the specificity and the diagnostic accuracy of the test.
Limitations
The heterogeneous composition of the two groups with certain diagnoses in both groups and the low number of cases limit the validity of our study. Also, in our study, due to the problems associated with the purchase and shipment of the kits, the costs, and the technical limitations of measurement, sampling was performed at the baseline. After reaching the sample size, the levels of biomarkers were simultaneously measured. Logically, any delay in the analysis of the sample should, perhaps, lead to increased levels of biomarkers, due to cell lysis and the release of the cellular contents. Also, it seems pharmacokinetic and pharmacodynamic characteristics of biomarkers and inflammation severity of patients affect the biomarker levels in correlation with the onset of pain times. We could not explain these differences and discrepancies in the levels of biomarkers with respect to the pain onset and admission time.
Conclusion
Though our data may show that the serum and urine S100A8/A9 can be useful indicators of the need for surgery in patients presenting with acute abdominal pain at the emergency department, the data rather suggest that patients in the surgical group were more seriously ill than those in the nonsurgical group, with a correspondingly higher risk of operation. Serum amyloid A had a low and nonsignificant diagnostic accuracy, which may be valuable in combination with clinical findings and other biomarkers.
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